Adekola F. A., et al. fail when the removal of very low concentrations of pollutants is required. Adsorption using expensive activated carbon, however, deals with very low concentrations of the pollutant [6] .
Cost accumulates on activated carbon due to its precursor and production techniques, hence an alternate precursor as well as cheap processing techniques are been developed. Various precursors and methods are been explored for cheap and efficient activated carbon preparation [2, [7] [8] [9] . Precursors for activated carbon preparation should be carbon rich, and activation techniques determine their subsequent performance. Physical and chemical methods of activation are mainly used on carbon to improve their porosity and surface area [10] . The chemical methods take two routes: first, carbonization followed by chemical activation to generate micro-and mesopores; and second, chemical impregnation followed by thermal treatment, where carbonization and activation occur simultaneously. Whichever route, chemical activation saves energy consumption, and hence is economical compared with the physical activation technique [11] . Higher yield, better surface area and obtaining materials with surface functional groups are other advantages of the chemical method of activation over the physical method of activation [12] . Potassium hydroxide and orthophosphoric acid are a few highly efficient activating agents in use, and they usually give well-defined pores [13] .
In this study, we used the peel of Musa paradisiaca, a biomass rich in carbon and a common waste that constitute a nuisance to the environment in our locale. This precursor was charred in order to enrich its carbon content. Subsequently, acid and alkaline activation were carried out on the charred material in order to establish the best activation technique.
Materials and Methods

Sample Collection, Identification and Pretreatment
Samples of plantain peel identified as Musa paradisiaca were collected from Ipata Market in Ilorin, Kwara State. In order to remove categories of impurities, samples were thoroughly washed under running tap and subsequently with distilled. Samples were dried in an oven controlled at 100 o C for 24 hours. The dried sample was carefully pulverized and screened into particle size between 75 and 835μm, kept in an airtight container and labelled PP.
Reagents
All reagents used in this study were of analytical grade and were used without further purification.
Carbonization Process PP (20 g) was transferred into a silica crucible and heated in an air-tight furnace (Garbolite CWF 1300) operated at 500 o C for 5 hours. Obtained carbon material were carefully transferred to an airtight container labelled PPC and kept for further treatment.
PPC Activation
Equal mass/volume ratio of PPC and 0.1M KOH and H 3 PO 4 were mixed in separate crucibles. Each crucible with its content was heated at 750±50 o C for five minutes. Activated PPC samples were allowed to cool to room temperature and were subsequently washed with distilled water until neutral pH was obtained. It was dried in an oven operated at 110 o C for 8 hours. KOH-activated carbon was labelled PPCp while H 3 PO 4 -activated samples were labelled PPCo.
Characterization of PPCp and PPCo
The surface functional groups were obtained using a Bruker Alpha FTIR spectrometer. The surface morphology and surface characteristics were obtained using a Feiesem quanta 200 with EDS.
Adsorbate Preparation
Stock solution of 1000 mgL -1 Rhodamine-B (RhB) was prepared by dissolving 1g of RhB in 1000 cm 3 of distilled-deionized water. All other working solutions of lower concentrations were prepared by serial dilution.
Adsorption Studies
Various adsorption operational parameters were given attention in this study. Adsorbent and adsorbate behavior as well as their performance and reactions depend greatly on parameters such as solution pH, adsorbate concentration, adsorbent-adsorbate contact time, and temperature, as well as adsorbent dosage. This study covered the aforementioned operational parameters; initial solution pH (pH 2-9), adsorbent dosage (0.01-0.2 g), initial RhB concentration (5-50 mg/L), contact time (5-240 minutes) and temperature (303-333 K). Each desired pH was obtained via the addition of 0.1 M HCl or 0.1 M NaOH. Each operational parameter study used 25 cm 3 adsorbate in a 250 cm 3 Erlenmeyer flask with varying parameters in study, while others were fixed. The mixture of adsorbate and adsorbent in a conical flask was properly sealed and agitated in a temperature-controlled water bath shaker. Samples were withdrawn at intervals depending on the study, centrifuged and the supernatant analyzed Efficient Rhodamine B Removal Using... 
Mathematical Analysis
The quantity of RhB uptake and percentage RhB removal can be calculated using mathematical expressions 1 and 2:
(1) (2) …where q t, C i and C f are the quantity of RhB uptake in mg/g, and the initial and final concentrations in mg/L respectively.
Adsorption Data Analysis
Isothermal Studies
Langmuir isotherm [14] describes the monolayer adsorption process. Equation (3) is an expression of Langmuir equation. Equation (3a) expresses the dimensionless constant R L , which explains the favourability of the adsorption process. C e and q e are adsorbate concentration in solution at equilibrium measured (mg/L) and quantity of dye adsorbed at equilibrium in mg/g, respectively. q max is the maximum monolayer adsorption capacity of adsorbent (mg/g) and K L is the Langmuir adsorption constant (L/mg).
Freundlich isotherm [15] describes adsorption onto multiple surfaces, and it is expressed mathematically by Equation (4) . C e and q e are as earlier defined. Freundlich constants K f and n cooperate with the factors affecting adsorption capacity and adsorption intensity, respectively.
(4)
Temkin isotherm [16] , which ignores extreme conditions, rather assumes linear than logarithm decrease of heat of adsorption. Equation (5) gives a mathematical expression of Temkin. A (L/g) and B are Temkin isotherm constants and b (J/mol) is a constant related to the heat of absorption and can be determined using Equation (5a). Where T is the absolute temperature (K) and R is the gas constant (J/mol K).
Kinetics Model
Kinetics models give better insight into the adsorption process and mechanism of adsorption. The established kinetics models, the pseudo first-order kinetics model of Lagergren [17] , Ho and McKay pseudo second-order [18] and the Weber and Morris [19] intraparticle diffusion model were employed for kinetics data analysis. These give insight into the mechanisms of adsorption and have been widely used as tools to establish adsorption mechanisms for various aqueous adsorption process [20] [21] [22] . Equations (6-8) express the pseudo first-order kinetics model, pseudo secondorder kinetic model and intraparticle diffusion model by Weber and Morris, respectively:
…where q e and q t are quantity of RhB adsorbed at equilibrium and at time t (mg/g), respectively; k 1 , k 2 and k diff are the pseudo first-order rate constant (min -1 ); pseudo first-order rate constant (g/mg min -1 ) and the intraparticle diffusion constant in mg g -1 min -½ . C is the boundary layer thickness.
Thermodynamic Studies
The spontaneity, feasibility and adsorbateadsorbent interactions modes can be well understood via thermodynamic studies. ∆G o , ∆H o and ∆S o were calculated using mathematical relations 9 and 10: 
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Results and Discussion
Physicochemical Characterization
The various characteristics of prepared adsorbents are listed in Table 1 . pH of the two adsorbent were recorded to be close to neutral, while high bulk density greatly characterized the two adsorbents. While BET surface area determination fell below detection limit for PPCo, values recorded for BET surface area and iodine value were very close for PPCp. The adsorbents were rich in carbon and oxygen and had traces of other elements. High bulk density obtained for both adsorbents suggests that adsorbents will likely have good contact with adsorbate molecules in solution. Low bulk density usually results in adsorbent flotation and reduces adsorbent contact with adsorbate molecules, hence reducing adsorbent performance [23] . BET surface area was obtained as 985 m 2 /g for PPCp, which is in close agreement with the iodine value obtained. The surface area for PPCo, however, was observed to be low.
Surface Functional Group Analysis
The spectrum of unactivated plantain peel carbon (PPC) showed the appearance of absorption band at 3300 cm -1 characteristics of -OH stretching vibration. This absorption band was observed to gradually disappear as biomass treatment move from carbonization to activation. Absorption bands between 1100 and 1200 cm -1 as well as 1500 and 1600 cm -1 were common across the three spectra presented. Peaks at around 1370 cm -1 and 2930 cm -1 present in PPC and PPCo were not vivid in PPCp. Carbonization and activation removes adventitious water, thus the gradual disappearance of -OH stretching vibration was observed at 3300 cm -1 [24] . The absorption bands between 1500 and 1600 cm -1 correspond to vibrations of C=C of aromatic, while peaks observed at 1367 and 1368 cm -1 in PPC and PPCo respectively are characteristic vibrations of aromatic C-C bond. Carbonization may enhance aromatization of aliphatic groups.
Surface Morphology
The carbonized plantain peel present a moderately smooth surface without visible openings (Fig. 1a) . Acid and KOH activation results in moderately large pores (mesopores) with rough cavities (Figs 1b and 1c) . Mesopores are suitable pore size required for the uptake 
Effects of pH on RhB Adsorption onto PPCo and PPCp
The percentage RhB adsorption rapidly rose from 35.51% through 53.26% as pH increased from 2 to 3 for PPCp, and optimum removal of 71.01% was obtained at pH 4 (Fig. 2) . Although better removal efficiency was observed for PPCp, removal followed the same trend with optimum percentage removal reaching 89.51%. Adsorption percentage subsequently dropped as the pH further increased and no substantive difference was observed in the percentage of RhB removal for PPCo and PPCp at high pH. Adsorbate solution pH greatly influences adsorbate behavior. RhB exhibits different forms depending on the solution pH; cationic at pH range 1 to 3, lactonic at pH lower than 1.0 and zwitterionic at pH greater than 3.7. The tendency exhibited by the zwitterionic form of RhB leads to its dimer formation, thus reducing adsorption potential at pH above 4. Reports of maximum adsorption at pH between 3 and 4 exist in the literature [3, 24, 26, 27] .
Effects of Concentration on RhB Uptake onto PPCo and PPCp
RhB uptake increased with increased concentrations. No distinct difference was noted in the uptake of PPCo and PPCp. The percentage of RhB removal of greater than 95% was obtained for the lowest concentration studies, while a little bit above 50% percentage removal was obtained for the highest concentration studied. Quantity RhB adsorbed at equilibrium rose from 3.79 mg/g for 5 mg/L concentration to 43.16 mg/g for 50 mg/L concentration for PPCo and 3.76 mg/g for 5 mg/L concentration to 43.21 mg/g for 50 mg/L concentration for PPCp (Fig. 3) . A high concentration generates great driving force to overcome mass transfer barrier between the adsorbate-adsorbent interfaces, hence the increase in RhB quantity adsorption with increases in concentration. At lower concentrations, the ratio of available adsorption site to RhB molecules in solution was high, hence the high percentage removal was recorded while the reverse was observed at high concentration [24] .
Effects of Contact Time on RhB Uptake onto PPCo and PPCp
Uptake of RhB was very rapid, with about 70% removal recorded within the first five minutes of adsorbent contact. Slight RhB adsorption was further recorded as contact time increased (Fig. 4) . RhB molecules were readily adsorbed to the adsorbent surface, hence the rapid adsorption of RhB during the first five minutes of contact. Continuous bombardment of RhB molecules with the adsorbent surface also results in percolation and absorption of RhB molecules, hence the slight increase observed as contact time increased. Adekola F.A., et al.
Effects of Adsorbent Dosage on RhB Uptake onto PPCo and PPCp
For PPCo, RhB removal percentage gradually increased from 30.72% as adsorbent dosage increased from 0.1 g to 75.19% at 0.3 g dosage. Subsequently, a negligible increase was observed when dosage was further increased. A similar trend was observed for PPCp with 56.43% removal at 0.1 g and 78.54% removal at 0.3 g, and subsequent slight decrease in percentage removal when the dosage was further increased (Fig. 5) . Increases in available surface adsorption site enhanced RhB removal when adsorbent dosages were increased [28] . Subsequent saturation of adsorption sight as well as overlayer of adsorbents may have resulted in removal equilibrium/reduction in percentage removal [29] .
Effects of Temperature on RhB Uptake onto PPCo and PPCp
RhB removal by PPCo and PPCp was not vividly affected by an increase in systems temperature. A negligible increase was observed within the two systems, and an increase in adsorption system temperature may further results in activation of adsorption sites as well as an increase in solubility of adsorbate, thereby enhancing adsorption [30] . None of this seems to have occurred in the two adsorption (Fig. 6 ).
Equilibrium Data Analysis
Equilibrium adsorption data tested with three isotherms was found to fit best in the Langmuir isotherm model with correlation coefficients of 0.9988 and 0.9995 for PPCo and PPCp adsorbents, respectively. The dimensionless R L factors obtained for the two systems were less than unity, while the Freundlich constant n obtained was greater than 1. The correlation coefficients for the Freundlich isotherms were low for the two adsorption systems, and the Temkin correlation coefficient for the RhB-PPCp system was also found to be above 0.9 (Table 2) . Maximum monolayer adsorption capacity (q max ) for the RhB-PPCo and RhB-PPCp were 7.003 mg/g and 6.878 mg/g, respectively. Monolayer adsorption dominates the uptake of RhB onto the two adsorbents prepared, hence the high correlation coefficient obtained for Langmuir adsorption isotherm data analysis. The values of Freundlich constant n and dimensionless R L values indicates feasible adsorption process within the two adsorption systems. The high correlation coefficient obtained for the Temkin isothermal model suggests that adsorbate-adsorbate interaction may have also occurred in the uptake of RhB onto PPCp.
Kinetics Studies
Correlation coefficient for the pseudo firstorder kinetics model was found to be low compared to that of the pseudo second-order kinetics model. The experimentally obtained quantity adsorbed at equilibrium (q e experimental ) compared with calculated q e (q e calculated ) values for pseudo first-order kinetics also vary greatly. A high degree of closeness, however, occurred between q e experimental and q e calculated for the pseudo second-order kinetic modeling (Table 3) . The intraparticle diffusion model plot also gave correlation coefficient of greater than 0.9. The pseudo second-order kinetics model better describe the mechanism of RhB uptake onto PPCo and PPCp with correlation coefficient of 0.9999 for the two adsorption systems. The greater value recorded for C in the intraparticle diffusion model of the RhB-PPCo system suggests that the boundary layer effect was great for the RhB-PPCo system than the RhB-PPCp system (Table 3) .
Thermodynamic Studies
The ∆H o and ∆S o values for the two adsorption systems were positive, while ∆G o values were all negative ( Table 4 ). The negativity of ∆G o was found to increase with increased temperature. It ranged from -1.46 kJ/mol for 303 K to -2.19 kJ/mol for 333 K for PPCo and -1.14 kJ/mol for 303 K to -1.59 kJ/mol for 333 K for PPCp. The adsorption process was endothermic with an increase in degree of randomness between the solid adsorbent surface and liquid adsorbate. Adsorption process spontaneity and favourability increased as temperature increased from 303 K to 333 K.
Cost Analysis
Plantain peel is a waste that is usually discarded and hence available at no cost. The cost of collection, pretreatment and activation summed up to 14.02 USD/kg and 2.98 USD/kg. The use of this waste in PPCp and PPCo preparation reduced cost by half and 12 times, respectively, when compared with commercial activated carbon [31] . The percentage of RhB removal was as high at 95% for the lowest RhB concentration studied.
Conclusions
Prepared adsorbents were effective for RhB uptake from aqueous solution. Monolayer adsorption dominates the uptake of RhB onto PPCo and PPCp, while some adsorbate-adsorbate interactions also occurred in the RhB-PPCp adsorption system. Pseudo second-order kinetics best described the kinetics of the adsorption system. High temperature better favoured RhB uptake onto the two adsorbents, thus suggesting that PPCo and PPCp will be effective in treating hot dye-laden effluent. Table 4 . Thermodynamic parameters for RhB uptake onto PPCo and PPCp.
